Introduction {#s1}
============

Drug-eluting stents (DESs) have dramatically reduced the rate of in-stent restenosis and target revascularization by inhibiting neointimal hyperplasia.^[@JEV203C1]^ However, delayed neointimal healing and incomplete endothelialization have gained attention as a cause for late stent thrombosis (LST) with first-generation DESs.^[@JEV203C2]--[@JEV203C4]^ Newer generation DES is designed to overcome these limitations of first-generation DES by the improvement in stent platform, the use of alternative anti-proliferative limus analogues, and the development of biocompatible and biodegradable polymers.^[@JEV203C5],[@JEV203C6]^

Bioresorbable polymer sirolimus-eluting stent (BP-SES) (Ultimaster™, Terumo Corporation, Tokyo, Japan) is a newly developed DES that consists of a thin-strut (80µm), cobalt chromium, sirolimus-eluting stent with bioresorbable polymer (resorbed within 3--4 months) coated only albuminally by applying special gradient technology. CENTURY (Clinical Evaluation of New Terumo Drug-Eluting Coronary Stent System in the Treatment of Patients with Coronary Artery Disease) study demonstrated good performance of BP-SES, including high procedural success, strong suppression of neointimal proliferation at 6 months, and a low rate of target lesion failure at 2 years.^[@JEV203C7]^ Recently, CENTURY II trial showed that BP-SES has the similar safety and efficacy to permanent polymer everolimus-eluting stent (PP-EES) (Xience V™, Xience Prime™, Abbott Vascular, Santa Clara, CA, USA) at 9 months.^[@JEV203C8]^

Optical coherence tomography (OCT) is a high resolution intravascular imaging modality to evaluate neointimal tissue adequately *in vivo*. In the CENTURY study, an OCT analysis at 6-month follow-up showed that the percentage of mean strut coverage and malapposed struts were 96.2 ± 5.0 and 1.66 ± 4.02%, respectively.^[@JEV203C7]^ To date, however, there has been no data investigating coronary arterial response to BP-SES at late phase (≥6 months). Therefore, we sought to evaluate the neointimal tissue coverage of BP-SES at 9 months after stent implantation using OCT compared with that of PP-EES.

Methods {#s2}
=======

Study population and procedural protocol {#s2a}
----------------------------------------

From March and October 2012, a total of 36 patients participated in the CENTURY II trial in our institution and were randomly assigned to BP-SES (*n* = 15) and PP-EES (*n* = 21). The design and main results from the CENTURY II trial have been published elsewhere.^[@JEV203C8]^ It was an international, multicentre, randomized (1:1), single-blind, controlled, non-inferiority, two-arm clinical trial comparing BP-SES with PP-EES. In cohort Japanese requirements, patients with unstable angina pectoris and stable angina pectoris were eligible for inclusion. Patients with acute myocardial infarction within 48 h before baseline procedure were excluded. For the purpose of the present study, 9-month follow-up OCT examination was prospectively attempted in 36 patients between December 2012 and June 2013.

All initial interventions were performed using standard techniques. Pre-dilatation, post-dilatation, and intravascular ultrasound or OCT uses were left to the operator\'s discretion. After the procedure, all patients were advised to continue on aspirin (81--162 mg daily) for life unless there were contraindications. Either ticlopidine (200 mg daily) or clopidogrel (75 mg daily) was also prescribed for at least 1 year after stent implantation. Written informed consent to participation was obtained from all patients in accordance with the Declaration of Helsinki, and this study was approved by the ethics committee of Kokura Memorial Hospital.

Study endpoints {#s2b}
---------------

The study primary endpoint was neointimal tissue coverage at 9-month follow-up, which was evaluated as the percentage of uncovered struts and the mean neointimal thickness (NIT). Secondary endpoints included apposition and standard areas and volumes.

Quantitative coronary angiography {#s2c}
---------------------------------

Coronary angiography was performed after the intracoronary administration of 0.2 mg nitroglycerin. Quantitative coronary angiographic analysis was performed before and after stenting and 6--9 months after index procedure, using a guiding catheter to calibrate the magnification and a validated automated edge detection algorithm (CASS 5.9, Pie Medical Imaging, Eindhoven, The Netherlands). The analyses were performed independently by two experienced independent observers in an independent core laboratory (Kokura Memorial Hospital, Kitakyushu, Japan) blinded to the clinical information. ISR was defined as a per cent diameter stenosis of \>50% within the stent at the time of follow-up.

OCT imaging acquisition {#s2d}
-----------------------

The OCT imaging was performed with an OCT system (C7XR Fourier-Domain System, St Jude Medical, St Paul, MN, USA). The C7XR system used a conventional wire to cross the segment of interest. The OCT imaging catheter (Dragonfly, St Jude Medical, St Paul, MN, USA) was then advanced distally to the stented lesion. Pullback was performed during continuous injection of contrast medium through the guide catheter with an injection pump. Automatic pullback rate was 20mm/s, and the frame rate was 100 frames/s.

OCT analysis {#s2e}
------------

OCT pullback was analysed offline in a core laboratory (Cardiolysis BV, Rotterdam, The Netherlands) by independent analysts blinded to clinical and procedural characteristics of the patients, using QIvus software (Medis Medical Imaging Systems BV, Leiden, The Netherlands). Cross-sectional OCT images were analysed at 1-mm intervals within the stented segment and 5-mm proximal and distal to the stent edges. Cross-sections with side branches or poor quality of OCT images were excluded from this analysis. Lumen and stent areas were drawn in each analysed cross-section, and the derived incomplete stent apposition or neointimal hyperplasia (NIH) areas were calculated as appropriate. The NIT was determined based on automated measurements performed from the centre of the luminal surface of each strut blooming and its distance to the lumen contour.^[@JEV203C9]^ An uncovered strut was defined as having an NIT of 0 µm.^[@JEV203C9]^ A malapposed strut was defined as a distance between the centre reflection of the strut and the vessel wall (BP-SES \>80µm and PP-EES \>89µm).^[@JEV203C10]^ An intraluminal mass was defined as an irregular mass in the lumen accompanied by shadow or mass not connected with the lumen.

Statistical analysis {#s2f}
--------------------

Data are presented as values and percentages, mean ± SD, or median \[inter-quartile range (IQR)\]. Categorical variables were compared between groups with the *χ*^2^ test or Fisher exact test, as appropriate. Continuous variables were compared between groups using the Student\'s unpaired *t*-test or the Mann--Whitney *U* test, based on the distribution. In per strut analysis, apposition was estimated through the categorical variable (well-apposed or malapposed). Tissue coverage was estimated through the percentage of uncovered struts (dichotomous variable) and through the mean thickness of coverage (continuous). Dichotomous or categorical variables were analysed using multilevel logistic regression models with random effects at three levels: (i) patient, (ii) lesion, and (iii) stent. Similarly, continuous variables were analysed using multilevel linear regression models with random effects at the same three levels.

All statistical analyses were performed using the use of JMP version 10.0.2 (SAS Institute Inc., Cary, NC, USA) for data description and baseline comparisons; and SAS version 9.4 (SAS Institute Inc.) for multilevel modelling. A two-sided *P*-value of \<0.05 was considered statistically significant.

Results {#s3}
=======

Study population {#s3a}
----------------

Of 36 patients, a total of nine patients (two BP-SES and seven PP-EES) were excluded in the present study because of the following reasons: seven refused to participate in the present study and two failed to perform the OCT examination due to technical reasons. Finally, 13 BP-SES and 14 PP-EES patients were enrolled in the present study (*Figure [1](#JEV203F1){ref-type="fig"}*). Figure 1Study chart flow. BP-SES, bioresorbable polymer sirolimus-eluting stent; PP-EES, permanent polymer everolimus-eluting stent.

Baseline patient characteristics {#s3b}
--------------------------------

Baseline patient characteristics of the study population are summarized in *Table [1](#JEV203TB1){ref-type="table"}* and were similar between the two groups. Table 1Baseline patient characteristicsBP-SES (*n* = 13)PP-EES (*n* = 14)*P*Age, years75.0 ± 7.271.2 ± 9.00.24Male8 (61.5)12 (85.7)0.20Hypertension10 (76.9)10 (71.4)\>0.99Dyslipidaemia11 (84.6)13 (92.8)0.59Diabetes mellitus3 (23.0)6 (42.8)0.41Current smoker1 (7.6)1 (7.1)\>0.99Previous MI1 (7.6)2 (14.2)\>0.99Prior PCI2 (15.3)5 (35.7)0.38LVEF, %65.4 ± 6.360.7 ± 9.90.15Clinical presentation Stable angina13 (100.0)14 (100.0)-- Acute coronary syndrome0 (0.0)0 (0.0)--Medication Aspirin13 (100.0)14 (100.0)-- Clopidogrel13 (100.0)14 (100.0)-- ACEI/ARB9 (69.2)9 (64.2)\>0.99 β-Blocker4 (30.7)3 (21.4)0.67 Statin12 (92.3)11 (78.5)0.59 OHA3 (23.0)5 (35.7)0.67 Insulin2 (15.3)1 (7.1)0.59[^1][^2]

Baseline lesion characteristics and quantitative coronary angiography findings {#s3c}
------------------------------------------------------------------------------

*Table [2](#JEV203TB2){ref-type="table"}* shows baseline lesion characteristics and quantitative coronary angiography (QCA) findings of the two groups. There were no significant differences between both groups. At 9-month follow-up, late lumen loss was comparable between groups (0.29 ± 0.22 vs. 0.24 ± 0.17mm, *P* = 0.44). Table 2Baseline lesion characteristics and quantitative coronary angiography findingsBP-SES (*n* = 13)PP-EES (*n* = 15)*P*Location of target lesion0.67 RCA3 (23.1)2 (13.3) LAD8 (61.5)9 (60.0) LCX2 (15.4)4 (26.7)Lesion type0.99 A/B1/B2/C1/7/3/21/8/3/3Bifurcation2 (15.4)1 (6.7)0.58Stent diameter, mm2.88 ± 0.422.90 ± 0.340.91Stent length, mm17.4 ± 4.319.7 ± 5.00.21Total stent length, mm20.8 ± 8.824.4 ± 10.50.35No. of stents per lesion\>0.99 111 (84.6)13 (86.7) 22 (15.4)2 (13.3)Maximal inflation pressure, atm13.4 ± 2.814.3 ± 4.70.53Post-dilatation6 (46.2)5 (33.3)0.70Use of IVUS9 (69.2)11 (73.3)\>0.99Use of OCT4 (30.8)4 (26.7)\>0.99Quantitative coronary angiography Baseline  RVD, mm2.93 ± 0.442.91 ± 0.390.91  MLD, pre, mm0.57 ± 0.300.75 ± 0.420.21  %DS, pre, %80.4 ± 8.173.2 ± 17.40.31  MLD, post, mm2.65 ± 0.392.59 ± 0.330.66  %DS, post, %9.4 ± 4.510.5 ± 5.10.54  Lesion length, mm18.3 ± 8.219.8 ± 9.60.68 9-month follow-up  RVD, mm2.92 ± 0.462.81 ± 0.380.53  MLD, mm2.34 ± 0.422.35 ± 0.440.96  %DS, %20.0 ± 9.116.8 ± 5.40.26  Late loss, mm0.29 ± 0.220.24 ± 0.170.44  In-stent restenosis1 (7.7)0 (0.0)0.46[^3][^4]

OCT findings {#s3d}
------------

*Figure [2](#JEV203F2){ref-type="fig"}* shows representative OCT images of BP-SES and PP-EES. *Table [3](#JEV203TB3){ref-type="table"}* shows the results of tissue coverage and apposition between BP-SES and PP-EES groups at 9-month follow-up. Mean NIT did not differ significantly between the two groups (difference 17.0µm, 95% confidence interval, CI: −11.3 to 45.0µm, *P* = 0.22). The distribution of NIT is shown in *Figure [3](#JEV203F3){ref-type="fig"}*. The percentage of uncovered struts was comparable between both groups (odds ratio, OR 0.61, 95% CI: 0.21--1.74, *P* = 0.35). The percentage of malapposed struts was very low in both groups (OR 1.09, 95% CI: 0.07--15.53, *P* = 0.94). *Table [4](#JEV203TB4){ref-type="table"}* shows mean in-stent areas and volumes between two groups. No significant differences in per cent neointimal volume obstruction (13.2 ± 4.6 vs. 10.5 ± 4.9%, *P* = 0.14) or other areas-volumetric parameters were detected between both groups. Table 3Analysis of tissue coverage and apposition per stent strutBP-SESPP-EESDifference or odds ratio (95% CI)*P*Total of stent struts29513499Tissue coverage Mean NIT, µm110 ± 1093 ± 917.0 (−11.3 to 45.0)0.22 Covered struts2921 (98.98)3420 (97.74)1.64 (0.57 to 4.70)0.35 Uncovered struts30 (1.02)79 (2.26)0.61 (0.21 to 1.74)0.35Apposition Well-apposed struts2935 (99.46)3484 (99.56)0.75 (0.30 to 1.85)0.53 Malapposed struts3 (0.10)4 (0.11)1.09 (0.07 to 15.53)0.94[^5][^6] Table 4Area and volumetric analysis per stentBP-SESPP-EES*P*Mean lumen area, mm^2^5.79 ± 1.696.19 ± 1.890.57Minimal lumen area, mm^2^4.28 ± 1.604.72 ± 1.860.51Lumen volume, mm^3^114.7 ± 44.2140.2 ± 55.10.19Mean stent area, mm^2^6.58 ± 1.796.90 ± 1.870.65Minimal stent area, mm^2^5.57 ± 1.645.45 ± 1.970.87Stent volume, mm^3^131.2 ± 48.7156.7 ± 61.70.24Mean NIH area, mm^2^0.83 ± 0.300.70 ± 0.310.28NIH volume, mm^3^17.0 ± 7.416.5 ± 11.20.90NIH volume obstruction, %13.2 ± 4.610.5 ± 4.90.14% frames with ISA0.33 ± 1.210.38 ± 1.480.93Mean ISA area, mm^2^0.01 ± 0.020.00 ± 0.010.83ISA volume, mm^3^0.07 ± 0.260.10 ± 0.380.83ISA volume, % of stent volume0.04 ± 0.140.05 ± 0.200.84Mean intraluminal mass area, mm^2^0.00 ± 0.000.00 ± 0.010.36Mean intraluminal mass volume, mm^3^0.00 ± 0.000.01 ± 0.050.36[^7][^8] Figure 2Representative optical coherence tomographic images of BP-SES (*A*--*C*) and permanent polymer everolimus-eluting stent (*D*--*F*) at 9-month follow-up. Images shown are (*A* and *D*) covered struts, (*B* and *E*) uncovered struts (blue arrows), and (*C* and *F*) malapposed struts (red arrows). Figure 3Neointimal thickness at intervals of 50µm. In BP-SES, the percentage of stent struts with a neointimal thickness of \<5, 5--55, 55--105, 105--155, 155--205, 205--255, 255--305, and \>305µm was 1.1, 27.8, 32.1, 18.2, 10.2, 5.5, 2.2, and 3%, respectively. That for permanent polymer everolimus-eluting stent was 2.3, 34.6, 27.6, 17.7, 9.7, 4.8, 2.0, and 1.4%, respectively. BP-SES, bioresorbable polymer sirolimus-eluting stent; PP-EES, permanent polymer everolimus-eluting stent.

Clinical outcomes through 9 months {#s3e}
----------------------------------

Clinical adverse events such as any revascularization, myocardial infarction, and stent thrombosis did not occur in both groups during 9-month follow-up.

Discussion {#s4}
==========

At 9-month follow-up, the present OCT sub-study of CENTURY II trial showed excellent tissue coverage and apposition of both BP-SES and PP-EES. The main findings of this study are as follows: (i) the percentage of uncovered and malapposed struts was very low in both BP-SES and PP-EES; (ii) the mean NIT did not differ significantly between BP-SES and PP-EES.

Histopathological studies of first-generation DES have revealed that a chronic inflammatory reaction to components of the permanent polymer matrix may lead to the delayed arterial healing, which was associated with increased risks of late DES failure such as LST and late restenosis.^[@JEV203C2]--[@JEV203C4]^ To overcome this limitation, biocompatible and biodegradable polymers have been developed and equipped with newer generation DES. BP-SES has an albuminally coated bioresorbable polymer, which is resorbed within 3--4 months. These features are expected to reduce inflammatory reaction for the vessel and translate into the positive clinical outcome.^[@JEV203C11],[@JEV203C12]^ In the present study, uncovered and malapposed struts were observed in 1.02 and 0.10% of BP-SES struts and 2.26 and 0.11% of PP-EES struts, respectively. Although there is no data regarding OCT results of BP-SES at 9-month follow-up, the percentage of uncovered and malapposed struts at 8--12 months after PP-EES implantation was reported to be 1.6--2.4 and 0.22--1.76%, respectively.^[@JEV203C13],[@JEV203C14]^ These findings supported that both BP-SES and PP-EES showed an excellent vascular healing response at 9 months after implantation. Furthermore, the percentage of uncovered and malapposed struts in both groups was surprisingly lower compared with previous studies.^[@JEV203C13],[@JEV203C14]^ In the present study, we performed IVUS- or OCT-guided PCI to obtain the optimal stent expansion and apposition in all patients, which may lead to better vascular healing.

The shorter polymer resorption time is one of the unique features of BP-SES. On the other hand, it has gained attention as a cause for concern due to a potential inflammatory response to polymer degradation products.^[@JEV203C15]^ Interestingly, an angiographic sub-study of the CENTURY II trial showed that in-stent late loss was significantly lower in PP-EES than in BP-SES, although the rate of TLR was similar between the two groups. This discrepancy caused a little concern regarding the efficacy and safety of BP-SES. As reported previously, OCT is useful to evaluate the *in vivo* vascular healing comparing different types of DESs.^[@JEV203C10],[@JEV203C13],[@JEV203C14],[@JEV203C16]^ In the present study, the percentage of uncovered and malapposed struts was not significantly different between BP-SES and PP-EES. Furthermore, mean NIT of BP-SES was 110 µm and did not significantly differ from that of PP-EES (93 µm). Previous OCT studies showed the mean NIT of newer generation DES as follows: 100--142 µm in PP-EES;^[@JEV203C10],[@JEV203C13],[@JEV203C14]^ 91 µm in biodegradable polymer biolimus-eluting stent (BP-BES) (Nobori™, Terumo, Tokyo, Japan);^[@JEV203C14]^ 116µm in zotalolimus-eluting stent (Resolute Integrity™, Medtronic Inc., Santa Rosa, CA, USA).^[@JEV203C10]^ These findings support that the mean NIT of BP-SES is similar to that of other newer generation DES and might dispel the concerns regarding the shorter polymer resorption time of BP-SES.

Biodegradable polymer is designed to improve long-term safety and efficacy compared with first-generation DES.^[@JEV203C11]^ Recently, BP-BES (Nobori™) showed clinical non-inferiority to PP-EES in NEXT and COMPARE II trial.^[@JEV203C17],[@JEV203C18]^ To date, however, it remains unclear whether biodegradable polymer leads to better long-term safety and efficacy compared with newer generation permanent polymer. A network meta-analysis demonstrated that BP-BES was associated with a higher risk of definite or probable stent thrombosis than PP-EES.^[@JEV203C19]^ Furthermore, OCT studies showed that the percentage of uncovered struts was significantly higher in BP-BES than in PP-EES at 6- to 9-month follow-up.^[@JEV203C14],[@JEV203C20]^ These findings did not support a preferential use of biodegradable polymer DES over newer generation permanent polymer DES. In the present study, vascular healing characterized by the presence of uncovered and malapposed struts was similar between BP-SES and PP-EES at 9-month follow-up. Compared with BP-BES, BP-SES has lots of different features in terms of stent alloy (cobalt chromium vs. stainless steel), strut thickness (80 vs. 120 µm), and eluting drug (sirolimus vs. biolimus). These differences may translate into the results in the present study. Although biodegradable polymer may become one of the important DES components, the optimal combination of stent design, strut thickness, polymer, and eluting drug may play a pivotal role in newly developed DESs.

CENTURY II trial demonstrated non-inferiority of BP-SES to PP-EES with respect to the target lesion failure within 9 months, regardless of significant differences in in-stent late loss.^[@JEV203C8]^ Moreover, the present OCT study showed comparable vascular healing response between BP-SES and PP-EES at 9-month follow-up. Theoretically, however, potential benefits related to biodegradable polymer may appear during long-term follow-up. Indeed, 5-year follow-up of LEADERS trial demonstrated the safety benefit of BP-BES compared with durable polymer SES (DP-SES) (Cypher™, Cordis, Johnson & Johnson, Warren, NJ, USA) due to a significant reduction in very LST.^[@JEV203C11]^ Furthermore, we previously reported 5-year OCT study that BP-BES (Nobori™) showed a favourable vascular response compared with DP-SES (Cypher™) and the frequency of in-stent neoatherosclerosis tended to be lower in BP-BES than in DP-SES.^[@JEV203C21]^ However, there is no data regarding long-term clinical outcome and vascular response after BP-SES implantation. Therefore, further long-term follow-up study is required to validate the safety and efficacy of BP-SES. Moreover, OCT study may be able to provide more insights into the long-term vascular response of BP-SES as previously reported in other DESs.^[@JEV203C21],[@JEV203C22]^

Study limitations {#s4a}
-----------------

There are several limitations in the present study. First, this study included a small study population. Therefore, selection bias may exist in the present study and have biased the conclusion. Nevertheless, to the best of our knowledge, this is the first study to assess the neointimal tissue coverage of BP-SES at 9 months after stent implantation using OCT. Second, OCT evaluation immediately after stent implantation was not available in the present study. Therefore, it was not possible to distinguish between persistent and late-acquired stent malapposition. Finally, the present study was not powered or designed to assess the relationship between OCT suboptimal results and future clinical events. Additionally, it is difficult to draw conclusions on changes in clinical treatment such as the optimal duration of dual antiplatelet therapy based on the results of current study. Further studies are required to investigate the clinical implication of OCT findings at 9-month follow-up.

Conclusion {#s5}
==========

The percentage of uncovered and malapposed struts is very low in both BP-SES and PP-EES at 9-month follow-up. Additionally, NIT is similar between BP-SES and PP-EES. Our findings support that BP-SES shows an excellent vascular healing response at 9-month follow-up, which is similar to PP-EES.
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[^1]: Data are presented as mean ± SD or *n* (%).

[^2]: ACE-I, angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; BP-SES, bioresorbable polymer sirolimus-eluting stent; LVEF, left ventricular ejection fraction; MI, myocardial infarction; OHA, oral hypoglycaemia agent; PCI, percutaneous coronary intervention; PP-EES, permanent polymer everolimus-eluting stent.

[^3]: Data are presented as mean ± SD or *n* (%).

[^4]: BP-SES, bioresorbable polymer sirolimus-eluting stent; DS, diameter stenosis; LAD, left coronary artery; LCX, left circumflex artery; MLD, minimal lumen diameter; PP-EES, permanent polymer everolimus-eluting stent; RCA, right coronary artery; RVD, reference vessel diameter.

[^5]: Data are presented as mean ± SD or *n* (%).

[^6]: BP-SES, bioresorbable polymer sirolimus-eluting stent; CI, confidence intervals; NIT, neointimal thickness; PP-EES, permanent polymer everolimus-eluting stent.

[^7]: Data are presented as mean ± SD.

[^8]: BP-SES, bioresorbable polymer sirolimus-eluting stent; ISA, incomplete stent apposition; NIH, neointimal hyperplasia; PP-EES, permanent polymer everolimus-eluting stent.
